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(54) Radio signal transmitter in two frequency bands with and without power limitation 



(57) A signal including an RF signal and a code divi- 
sion multiple access signal is transmitted so that, in 
relation to both of the RF signal and the code division 
multiple access signal, a receiving end can obtain a sig- 
nal having sufficiently larger power as compared with 
noise and with no distortion. In order to attain this 
object a separation part (10) separates the signal into 
the RF signal and the code division multiple access sig- 



nal at a sending end. An amplification part (11) ampli- 
fies the RF signal with an amplification factor related to 
its power. An amplification part (12) amplifies the code 
division multiple access signal with an amplification fac- 
tor related to its power. A combination pari (13) com- 
bines the amplified RF signal and the amplified code 
cfivision multiple access signal with each other. 
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Description 

BACKGROUND OF THE INVENTION 
Field ol the Invention 

ro«M The oresent invention relates to radio signal transmitters, and more specifically, it relates to a radio signal 
IS a^adio base station formed by a master station and a slave station (forward station), for exam- 
JEE rS! %c "signals with two or more different frequency bands respectively. multiple^ the signals and 
o transmitting the same between the master station and the slave station. 

Description ol the Background Art 

[0002] h mobile communication through a portable telephone or a car phone it is necessary to eliminate a Wind 

sL stLs ha^ only me antenna furK«on. The plurality of slave stat^ 
orci^ 

bTfor example In this case, signal transmission between the master station and the slave station .s performed by an 
. SaSSon "yetem converting a radio signal (RF stonal) to an optica, signal and transm ttng the a™ 
££ FIG- 13 '"block diagram showing an exemplary structure of a conventional optical transn.ss.on system 
Sed « the aforementioned rS> base station for optica.* t— g *^»™**™«« T^B^ 
sZstation. This type of optical transmission system is described in "Fiber-Opt* Transmission System tor Rad.0 Base 
Stations' (Sanada et al.. National Technical Report Vol. 39. No. 4. Aug. 1993). for example. 
* foooT Raring to F.a 1 3. the conventional optical transmission system comprises 
yTLectocsign^ 

oZTutoS from the amplication part 90. and an optical/electrical conversion part 92 performing opteaVelec- 
S^rsSmetransmittedoptica. signal 

aTpS" a sending end and the optical/elecfrical conversion part 92 is provided on a receding errf^ whrte the 
so eiSo^calconversionpartgi and the optical/elecfrical conversion part 92 are connected to each other by an opt- 

SmT ^Tne etectrical/optical conversion part 91 has. in relation to ^^^J^^J^Z^ 
finear reoion that change of the strength of the output optical signal with respect to change thereof is linear. That is. 

35 KX^S^on part 92 ha, in refctio* to me strong* of ** *** *« .* 
l^LrescS^ 

Kettles, conversion part * becomes sufficentiy larger than that of noise ^^^^^^ 
eleSoptical oonverston part 91 wiU not exceed the upper limit of the aforementioned probed linear region and 
fhlSS^ signal in the optfcal/elecfrical conversion part 92 win not exceed the upper hmrt of the 

45 compared wHh noise and with no distortion is obtained. . „„^ . B1R em.TO 

Si AsdesaibedinXDMACeiyarSy^ 

Son 1 .0). in relation to mobile communication, as lines rapidly increases to number mrecent year, too* has been 
closed employment of the CDMA (code division multiple access) system having a remarkably larger number ^ "nes 
SSSS convention, system. R-entiy mobile communication in » <™ 
so pracZanditispredidedmathereaftertheratiooftheCD^ 
[0009] Thatis^ecunentsystemarKithe^^^ 

Weted and hence, in consideration of suppressing the facility cost, it is important to cope wth the CDMA system 
whilemaWngthebestuseofthe existing facility for the ^„^ ]b .^^ nfAmf{F ^ 
[00101 InmeaforOTenfionedcorwerto^ 
55 nal eroloyed in the cunent system and a code division multiple access s.gnal employed in the CDMA system In i ttws 

togepWS (Spared with noise. This is because, while in the current system and the ™***™^«J* 
Sards m^m^^tmP^^^^^^^^^ 9 ^ 



plied to the sending end. the power of the code division multiple access signal employed in the CDMA system is smaller 
than that of the RF signal employed in the conventional system. 

[0011] The standards of the current system are described in "Digital Cellular Telecommunication System" 
(Research & Development Center for Radio Systems, RCR STD-27A) and the standards of the CDMA system are 
5 described in the aforementioned "CDMA Cellular System'. An apparatus optically transmitting a code division multiple 
access signal is disclosed in Japanese Patent Laying-Open No. 6-70362 (Japanese Patent Application No. 4-21 9894), 
for example. 

[001 2) In relation to the code division multiple access signal, oh the other hand, it is assumed that the amplification 
factor of the amplification part 90 is set high so that a signal having sufficiently large power as compared with noise is 

w obtained. In this case, however, it is predicted in relation to the RF signal that the power of the input signal in the elec- 
trical/optical conversion part 91 exceeds the upper limit of the aforementioned prescribed linear region or the strength 
of the input optical signal in the optical/electrical conversion part 92 exceeds the upper limit of the aforementioned 
another prescribed linear region and consequently the signal obtained on the receiving end is distorted. 
[0013] That is, when optically transmitting the RF signal and the code cfivision multiple access signal in the afore- 

15 mentioned conventional optical transmission system, the receiving end cannot obtain, in relation to both of the RF sig- 
nal and the code division multiple aocess signal, signals having sufficiently large power as compared with noise with no 
distortion whatever ampIH ication factor of the amplification part 90 is set. Incidentally, the aforementioned Japanese 
Patent Laying-Open No. 6-70362 describes no means of optically transmitting both of the RF signal and the code divi- 
sion multiple access signal. 

20 [0014] A problem similar to the above is quantitatively described from another point of view. 
[0015] FIG. 1 4 is a block diagram showing the structure of a conventional radio 6ignal transmitter. 
[0016] Referring to FIG. 14, in the conventional radio signal transmitter a master station 200 and a slave station 30O 
are connected to each other by optical fibers 201 and 202. The optical fiber 201 is used when transmitting from the mas- 
ter station 200 to the slave station 300 (hereinafter referred to as a down system) an optical signal. The optical fiber 202 

25 is used when transmitting from the slave station 300 to the master station 200 (hereinafter referred to as an up system) 
an optica! signal. 

[0017] The slave station 300 comprises an optical/electrical conversion part 301, an electrical/optical conversion 
part 303. a first amplification part 302, a second amplification part 304, a circulator 305 and an antenna 306. 
[0018] First, down system signal transmission is described. 

30 [0019] The optical signal sent from the master station 200 is transmitted through the optical fiber 201 to the stave 
station 300 present on a remote site. In the slave station 300, the optical/electrical conversion part 301 receives the opti- 
cal signai sent from the master station 20Q and converts the same to a radio modulation signal which is an electric sig- 
nal. This radio modulation signai is amplified in the first amplification part 302 and thereafter radiated through the 
circulator 305 from the antenna 306. The circulator 305, which is an apparatus having a function of outputting an input 

35 from a certain terminal only to an adjacent terminal in a specific direction, outputs the input from the first amplification 
part 302 to the antenna 306 while outputting an input from the antenna 306 to the second amplification part 304 (as 
shown by arrows in FIG. 14). The radio modulation signal radiated from the antenna 306 is received by a mobile termi- 
nal (not shown) in the area. 

[0020] Then, up system signal transmission is described. 

ao [0021] Radio modulation signals having different frequencies sent from respective mobile terminals in the area are 
respectively received and frequency-multiplexed by the antenna 306. This frequency-multiplexed radio modulation sig- 
nal is Inputted through the circulator 305 into the second amplification part 304. The second amplication pari 304 
amplifies the inputted radio modulation signal and outputs the same to the electrical/optical conversion part 303. The 
electrical/optical conversion part 303 converts the radio modulation signal inputted from the second amplification part 

45 304 to an optical signal and outputs the same. This optical signal converted in the electrical/optical conversion part 303 
and thereafter outputted is transmitted through the optical fiber 202 to the master station 200 present on a remote site. 
[0022] In the aforementioned structure of the slave station 300. the difference in the distances between the respec- 
tive mobile terminals and the slave station 300 results in remarkable difference in received power received in the 
antenna 306. Therefore, the conventional radio signal transmitter employs in consideration of this difference in received 

so power an extremely wide dynamic range for the signal of the up system and sets the optical modulation index per wave 
high. 

[0023] An exemplary system design of this slave station 300 is described in the above-mentioned literature "Fiber- 
optic Transmission System for Radio Base Stations" by Sanada et al. In this literature by Sanada et aL, the optical mod- 
ulation index m of the up system is, assuming that the up system has two carriers. 10.7 % s m s 21 .2 %> The lower limit 
55 and the upper limit of this optical modulation index m are decided respectively by carrier-to-noise ratio (CNR) charac- 
teristics and distortion characteristics. 

[0024] FIG. 15 shows the relation between the optical modulation index, CNR and distortion (in this case, "distor- 
tion IM3" which is tertiary distortion). 
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(LD) module employed as an optical/electrical conversion part in an optical sender. 

5a» Whtethe aforementioned literature by Sanada et al. makes performance evaluate m the case of two car- 

roS 6 ^Se case ot multi-carrier transmission, not the distortion IM3 per wave but distort^ 

ES/CTB) mS betaken into consideration as the distortion characteristics. This distortion CTB in muHwarrier trans- 

S^ b^a^Ser which Is the number ot tertiary distortion caused a. the same frequency and 

^C*t^ 

«Zp -Ortical Feeder Basic System Design tor MicrocelUar Mobile Radio" by Jun,, Narmk. et al. ( EICE TRANS. 

Nc = M*(N - M + 1)/2 + ((N - 3) 2 - 5) - (1 • (-D) N 'M) ** < 1 > 

Swofthesamefrar^sionsyslem.DN is estimated^ 
, ON = D2 * 101og(Nc) + 2'20*log(mNmT2) ( 2 > 

[0031] Assurrir^thatthev^^ 

Cre ation between the distortion quantity DN and the * ^ " ™^^JS2 

SLedfromtheabove equation^ 

5 ing-84dBcwhichisthespecofthed^^ 

art b^es-r when mN = 2l.2%. Further, the c^er number (an be obto 

pSrte number and the earner number shown in Ftt 16. su* ^e c^ner rn^er b^mes 8 earners when the 
Insulation factor is 10.7%. and becomes '3" canriws wh«i *® ^ 1 ^^ 1 ^^ r ^ a in a certain area 
100321 The aforementioned carrier number is the number of mobile terminals performing ^'^ ina ^T" 

resulting from combination ol the carriers on a signal sent at a place most separate from the slave station auu 
rec*Mr*levelinmeanterma^ 

rooMl However the aforementioned conventional radio signal transmitter requires an extremely vwne oyr*u * 

« Therefore, when empk,^ 

tizing another frequency band (e.g.. a CDMA communication system) I in the aforementioned conventional radio signal 

transmitter, such aproblem arises that the distortion ^ra^ 6 ^^ fltorementioned conventional optical 
[0034] And this problem is essentially similar to the problem caused in the aforementioned conventional upiw. 



so 



55 



in power from each other (this is not restricted to optical transmission either). 
SUMMARY OF THE INVENTION 

5 [0037] Therefore, an object of the present invention is to provide a radio signal transmitter, employed in a radio base 
station formed by a master station and one or more slave stations, for example, which can transmit a signal including a 
first radio signal and a second radio signal different in power from each other so that in relation to both of the first radio 
signal and the second radio signal a receiving end obtains a signal having sufficiently large power as compared with 
noise and with no distortion, particularly a radio signal transmitter which can optically transmit a signal including an RF 

10 signal and a code division multiple access signal so that in relation to both of the RF signal and the code division mul- 
tiple access signal a receiving end obtains a signal having sufficiently large power as compared with noise and with no 
distortion. 

[0038] The present invention has the following features to solve the problem above. 

[0039] A first aspect of the present invention is directed to a radio signal transmitter for transmitting a signal includ- 
es ing both of a radio signal which is in a first frequency band and not subjected to transmission power limitation (herein- 
after referred to as a first radio signal) and a radio signal which is in a second frequency band different from the first 
frequency band and subjected to transmission power limitation (hereinafter referred to as a second radio signal), com- 
prising 

20 at a sending end 

a separation part separating the signal into the first radio signal and the second radio signal, 

a first amplification part amplifying the first radio signal with an amplification factor related to the power of the first 

radio signal, 

a second amplification part amplifying the second radio signal with an amplification factor related to the power of 
25 the second radio signal, and 

a combination part combining the amplified first radio signal and the amplified second radio signal. 

[0040] As described above, in the first aspect, when transmitting the signal including the first radio signal and the 
second radio signal different in power from each other, the signal is separated into the first radio signal and the second 
30 radio signal to be amplified with amplification factors related to the respective signal power and transmitted, whereby 
the first radio signal and the second radio signal obtained at a receiving end can be both made to have sufficient power 
as compared with noise. 

[0041] According to a second aspect, in the first aspect, 

3$ the radio signal transmitter further comprises at the sending end an electrical/optical conversion part performing 
electrical/optical conversion of an output signal of the combination part, and 

comprises at a receiving end an optical/electrical conversion part performing optical/electrical conversion of an out- 
put optical signal of the electrical/optical conversion part, and 
the sending end and the receiving end are connected to each other by an optical fiber. 

AO 

[0042] As described above, in the second aspect, the signal is optically transmitted. 

[0043] According to a third aspect, In the f irsUspect, the second radio signal is a signal subjected to code division 

multiple access. 

[0044] As described above, in the third aspect, a code division multiple access signal is used as the second radio 
45 signal. Thus, a distortion signal generated from the second ratio signal also has a wide band and its peak power is 
extremely low, whereby, also when distortion is caused in the first radio frequency band, the first radio signal is not influ- 
enced. As the first radio signal, an RF signal (a radio signal for mobile communication such as a frequency multiplex 
division access signal different from a code division multiple access signal), for example, is employed. 
[0045] According to a fourth aspect in the third aspect the radio signal transmitter further comprises at the sending 
so end an electrical/optical conversion part performing electrical/optical conversion of an output signal from the combina- 
tion part and 

comprises at a receiving end an optical/electrical conversion part performing optical/electrical conversion of an out- 
put optical signal of the electrical/optical conversion part and 
55 the sending end and the receiving end are connected to each other by an optical f iber. 

[0046] As described above, in the fourth aspect, the signal is optically transmitted. 

[0047] According to a fifth aspect in the fourth aspect the first amplification part and the second amplification part 
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respectively further perform amplification with such amplification factors that the strength of an input opt.cal s.gnal in the 
optical/electrical conversion part will not exceed the upper limit of a linear region of the optical/electrical conversion part. 
[0048] As described above, in the fifth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have suff iciently large power as compared with noise without causing distortion in 

5 optical/electrical conversion. ,. 

[00491 According to a sixth aspect, in the fifth aspect the optical/electncal conversion part is formed by an opti- 
cal/electrical conversion device and an amplifier previously amplifying an output signal of the optical/electncal conver- 

[OOSOr^Asdesaibed above, in the sixth aspect (and the following ninth, twelfth and fifteenth aspects), also when the 
» optical/electrical conversion part includes an amplifier (preamplifier) having a narrow linear region for previously ampD- 
tying the output ot the optical/electrical conversion device, the first radio signal and the second radio signal obtained at 
the receiving end can be both made to have sufficiently large power as compared with noise without causing distortion 

in optical/electrical conversion. . , , ,»• ^ 

[00511 According to a seventh aspect, in the fourth aspect, the first amplification part and the second amplication 
,5 part respectively further perform amplification with such amplification factors that the power of an input signal in the 
electrical/optical conversion part will not exceed the upper limit of a linear region of the electrical/optical conversion part. 
[00521 As described above, in the seventh aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion m 

electrical/optical conversion. , .... „ 

so [00531 According to an eighth aspect, in the seventh aspect, the first amplification part and the second amplification 
oart respectively further perform amplification with such amplification factors that the strength of an input optical signal 
in the optical/electrical conversion part will not exceed the upper limit of a linear region of the optical/electncal conver- 

IOOsST As described above, in the eighth aspect, the first radio signal and the second radio signal obtained at the 
25 receiving end can be both made to have sufficiently large power as compared with noise without causing distortion m 
electrical/optical conversion and optical/electrical conversion. 

[00551 Accoiding to a ninth aspect in the eighth aspect, the optical/electrical conversion part is formed by an opti- 
cal/electrical conversion device and an amplifier previously amplifying an output signal of the optical/electncal conver- 

30 So5fl *A tenth aspect of the present invention is directed to a radio signal transmitter for transmitting a signalinclud- 
ing bom of a radio signal which is in a first frequency barri art 

after referred to as a first rarfto signal) and a radio signal which is in a second frequency band different from the fret 
frequency band and subjected to transmission power limitation (hereinafter referred to as a second radio signal). 

35 a sending end and a receiving end are connected to each other by an optical fiber, and the radio signal transmitter 
comprises 

at the sending end . 

a separation part separating the signal into the first radio signal and the second radio signal. 

a firTamplif ication part amplifying thefirst radio signal with an amplification factor related to the power of the first 

a sSSmplification part amplifying the second radio signal with an amplification factor related to the power of 

the second radio signal. .... tr^r^™« nt i„ M i 

a first electrical/optical conversion part performing electrical/optical conversion of the amplified in* radio agnal. 
a second electrical/optical conversion part performing electrical/optical conversion of the amplified second radio 

atavetewth division multiplexing part wavelength-division-multiplexing a first optical signal obtained by conver- 
sion through the first electrical/optical conversion part and a second optical signal obtained by conversion through 
the electrical/optical conversion part, and comprises 

so awaveS!^ 

multiplexing part into the first optical signal and the second optical signal. 

a first optical/electrical conversion part performing optical/electrical conversion of the first optical agnal and 
a second optical/electrical converaion part performing optfoal/electrical conversion of the second optical signal. 

55 [00571 Asdesorfoedabove.inthetentha^^ 
Kese^ndradfosign^ 

second radio signal to be amplified with anplHicalfonfactorareteted to the respective sjgnal^ 

mined whereby the first radio signal and the second radio signal received at the receiving end can be both made to 



have sufficiently large power as compared with noise. 

[0058] According to an eleventh aspect, in the tenth aspect, the second radio signal is a signal subjected to code 
division multiple access. 

(0059J As described above, in the eleventh aspect, a code division multiple access signal is used as the second 
£ radio signal Thus, a distortion signal generated from the second radio signal also has a wide band and its peak power 
is extremely tow, whereby, also when distortion is caused in the first radio frequency band, the first radio signal is not 
influenced. As the first radio signal, an RF signal (a radio signal for mobile communication such as a frequency multiplex 
division access signal different from a code division multiple access signal), for example, is employed. 
[0060] According to a twelfth aspect, in the eleventh aspect, 

»o 

the first amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the first optical/electrical conversion part will not exceed the upper limit of a linear region of 
the first optical/electrical conversion part, and 

the second amplification part further performs amplification with such an amplification factor that the strength of an 
is input optical signal in the second optical/electrical conversion part will not exceed the upper limit of a linear region 
of the second optical/electrical conversion part. 

[0061] As described above, in the twelfth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
20 optical/electrical conversion. 

[0062] According to a thirteenth aspect, in the twelfth aspect the first optical/electrical conversion part and the sec- 
ond optical/electrical conversion part are respectively formed by optical/electrical conversion devices and amplifiers 
previously amplifying output signals of the optical/electrical conversion devices. 
[0063] According to a fourteenth aspect, in the eleventh aspect, 

the first amplification part further performs amplification with such an amplification factor that the power of an input 
signal in the first electrical/optical conversion part wiU not exceed the upper limit of a linear region of the first elec- 
trical/optical conversion part and 

the second amplification part further performs amplification with such an amplification factor that the power of an 
30 input signal in the second electrical/optical conversion part will not exceed the upper limit of a linear region of the 
second electrical/optical conversion part 

[0064] As described above, in the fourteenth aspect, the first radio signal and the second radio signal obtained at 
the receiving end can be both made to have sufficiently large power as compared with noise without causing distortion 
35 in electrical/optical conversion. 

[0065] Accorcfing to a fifteenth aspect in the fourteenth aspect 

the first amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the first optical/electrical conversion part will not exceed the upper limit of a linear region of 
40 the f irst optical/electrical conversion part, and 

the second amplification part further performs amplification with such an amplification factor that the strength of an 
input optical signal in the second optical/electrical conversion part win not exceed the upper Omit of a linear region 
of the second optical/electrical conversion part. 

4$ [0066] As described above, in the fifteenth aspect, the first radio signal and the second radio signal obtained at the 
receiving end can be both made to have sufficiently large power as compared with noise without causing distortion in 
etectrical/optical conversion and optical/electrical conversion. 

[0067] According to a sixteenth aspect, in the fifteenth aspect the first optical/electrical conversion part and the 
second optical/electrical conversion part are respectively formed by optical/electrical conversion devices and ampfif iers 
so previously amplifying output signals of fte optical/electrical converston devices. 

[0068] A seventeenth aspect of the present invention is directed to a radio signal transmitter for transmitting both of 
a radio signal which is in a first frequency band and not subjected to transmission power limitation (hereinafter referred 
to as a first radio signal) and a radio signal which Is in a second frequency band different from the first frequency band 
and subjected to transmission power limitation (hereinafter referred to as a seoond radio signal), comprising 

55 

ataserafingend 

a first amplif ication part amplifying the first radio signal with an amplification factor related to the power of the first 
radio signal, 
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a second amplification part amplifying the second radio signal with an amplification factor related to the power of 
the second radio signal, and 

a combinafion part combining the amplified first radio signal and the amplified second radio signal. 

5 [0069] As described above, in the seventeenth aspect, when transmitting thefirst radio signal and the second radio 
signal different in power from each other, the signals are amplified with amplification factors related to the respective 
signal power and transmitted, whereby the first radio signal and the second radio signal obtained at a receiving end can 
be both made to have suff icient power as compared with noise. 

[0070] A eighteenth aspect of the present invention is directed to a radio signal transmitter for transmitting both of 
'to a radio signal which is in a lirst frequency band and not subjected to transmission power limitation (hereinafter referred 
to as a first radio signal) and a radio signal which is in a second frequency band different from the first frequency band 
and subjected to transmission power limitation (hereinafter referred to as a second radio signal). 

a sending end and a receiving end are connected to each other by an optical fiber, and the radio signal transmitter 
T5 comprises 

at the sending end , , ... 

a first amplification part amplifying the first radio signal with an amplification factor related to the power of the first 

radio signal, 

a second amplification part amplifying the second radio signal with an amplHication factor related to the power of 
so the second radio signal, . 

a first electrical/optical conversion part performing electrical/optical conversion of the amplified first radio signal, 
a second electrical/optical conversion part performing electrical/optical conversion of the amplified second radio 
signal, and 

a wavelength division multiplexing part wavelength-dMsion-multiplexing a first optical signal obtained by conver- 
25 sion through the first electrical/optical conversion part and a second optical signal obtained by conversion through 
the electrical/optical conversion part, and comprises 

avravele^mXsion demultiplexing part wavelength-separating an output optical signal of the wavelength division 
multiplexing part into the first optical signal and the second optical signal, 

a first optical/electrical conversion part performing opfical/electrical conversion of me first optical signal, and 
a second optical/electrical conversion part performing optical/eleclrical conversion of the second optica! signal. 

[00711 As described above, in the eighteenth aspect, when optically transmitting the first radio signal and the sec- 
ond radio signal different in power from each other, the signals are amplified with amplification factors related to the 
35 respective signal power and optically transmitted, whereby the first radio signal and the second radio signal received at 
the receiving end can be both made to have sufficiently large power as compared with noise. 
[0072] These and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0073] 

« FIG.1teaN<>cktfiagramshowinglhestn^ . 

of the present invention; . . . 

FIG. 2 is a schematic diagram showing an exemplary radio base station, to which the system of FIG. 1 is applied. 

for performing mobile communication by both ol the cunent system and the CDMA system; ,_,-,„, . 

FIG. 3 is a block diagram showing the internal structure of an optical/electrical conversion part 15 ot FIG. 1 (and 
so optical/electrical conversion parts 67 and 68 of FIG. 7); . ^ ,u„ 

FIG 4 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the optical 

transmission system of FIG. 1 is applied (in the case of transmitting a signal from a slave station 21 to a master 

station20); .„ 
FIG 5 is a block diagram showing an exemplary structure of a separation part 10 ot piu. i i. 
55 FIG 6 is a block diagram showing another exemplary structure of the radio base station of FIG. 2 to *Jj l *^ ,e 

caltransmisstonsystemolFIG. 1 is applied (the case of transmitting a signal from the master station 20 to the slave 

FIG. 7 is a'block diagram showing the structure of an optical transmission system according to a second embodi- 
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ment of the present invention; 

FIG. 8 is a block diagram shewing an exemplary structure of the radio base station of FIG. 2 to which the optical 
transmission system of FIG. 7 is applied (the case of transmitting the signal from the slave station 21 to a master 
station 20); 

5 FIG. 9 is a block diagram showing another exemplary structure of the radio base station of FIG. 2 to which the opti- 
cal transmission system of FIG. 7 is applied (the case of transmitting a signal from the master station 20 to the slave 
station 21); 

FIG. 10 is a block diagram showing the structure of a radio signal transmitter according to a third embodiment of 
the present invention; 

io FIG. 1 1 is a (fiagram showing exemplary relation between frequencies of signals received in a first antenna 36a and 
a second antenna 36b and received power; 

FIG. 12 is a diagram showing the relation between a carrier number of a second frequency band and distortion 
CTB; 

FIG. 13 is a block diagram showing an exemplary structure of a conventional optical transmission system employed 
15 in a radio base station formed by a master station without an antenna function and a plurality of slave stations (for- 
ward stations) having only the antenna function for optically transmitting signals between the master station and the 
slave stations; 

FIG. 14 is a block diagram showing an exemplary structure of a conventional radio signal transmitter; 
FIG. 15 is a diagram showing the relation between a optical modulation index, CNR and distortion; 
20 FIG. 16 is a diagram showing the relation between a carrier number and a composite number; and 

FIG. 17 is a diagram showing the relation between the composite number and a distortion quantity DN. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 [0074] Embodiments of the present invention are now described with reference to the drawings. 

(First Embodiment) 

[0075] FIG. 1 is a block diagram showing the structure of an optical transmission system according to a first embod- 
30 iment of the present invention. Referring to FIG. 1, the optical transmission system comprises a separation part 10, 
amplification parts 11 and 12, a combination part 13, an electrical/optical conversion part 14, and an optical/electrical 
conversion part 15. The separation part 10, the amplification parts 1 1 and 12, the combination part 13 and the electri- 
cal/optical conversion part 14 are provided at a sending end, and the optical/electrical conversion part 15 is provided at 
a receiving end. 

35 [0076J FIG. 2 is a schematic diagram showing an exemplary radio base station, to which the system of FIG. 1 is 
applied, for performing mobile communication by both of the current system and the CDMA system. Referring to FIG. 
2, the radio base station is formed by a master station 20 without an antenna 21a and one or more slave stations 21 
each having an antenna 21a. The one or more slave stations 21 are dispersivefy arranged as forward stations in a Wind 
zone or the like, and the master station 20 and each slave station 21 are connected to each other by an optical fiber 22. 

40 [0077] The optical transmission system of FIG. 1 is applied to the radio base station of FIG. 2, for performing signal 
transmission between the master station 20 and each slave station 21. That is, the system converts an input signal 
including an RF signal (a radio signal for mobile communication such as a frequency multiplex division access signal, 
for example, cfifferent from a code division multiple access signal; this also applies to the following description) and a 
code division multiple access signal employed in the CDMA system to an optical signal and transmits the same through 

45 the optical fber 22. 

[0078] Referring again to FIG. 1 , the separation part 1 0 separates the input signal into the RF signal and the code 
division multiple access signal. The anplif ication part 1 1 amplifies the RF signal to be transmitted. The amplification 
part 12 amplifies the oode division multiple access signal to be transmitted. The combination part 13 combines (fre- 
quency-multiplexes) the amplified RF signal and the amplified code division multiple access signal. The electrical/opti- 
so cal conversion part 14 performs electrical/optical conversion of the output signal of the combination part 13. The 
optical/electrical conversion part 15 performs optical/electrical conversion of the transmitted optical signal (output opti- 
cal signal from the electrical/optical conversion part 1 4). 

[0079] The electrical/optical conversion part 1 4 has, in relation to the power of the input signal, such a prescribed 
linear region that change of the strength of the output optical signal with respect to change thereof is linear. That is, 
55 when a signal having power exceeding the upper limit of this repion is inputted in the electrical/optical conversion part 
1 4, the output optical signal is distorted. 

[0080] The optical/electrical conversion part 15 has, in relation to the strength of the input optical signal, such 
another prescribed linear region that change of the power of the output signal with respect to change thereof is linear. 
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That is. when an optical signal having strength exceeding the upper limit of this region is inputted in the optical/electrical 
conversion part 15, the output signal is distorted. 

[0081] The amplification part 1 1 performs amplification with such an amplification factor that the power of the RF 
signal included in the output signal from the optical/electrical conversion part 15 becomes sufficiently larger than that 
of noise. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise ft e 
having an excellent C/N ratio). 

[0082] Most preferably, the amplification part 1 1 performs amplification with the aforementioned amplification factor 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 14 will not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
optical/electrical conversion part 15 will not exceed the upper limit of the aforementioned another prescribed linear 
region. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise and with 
no distortion. 

[0083] It is supplemented here that the optical/electrical conversion part 15 may be, as shown in FIGS. 3 A and 3B, 
formed by a single optical/electrical conversion device 30 (photo-diode) (FIG. 3A) or formed by an optical/electrical con- 
version device 30 and an amplifier (preamplifier) 31 previously amplifying an output signat of the optical/electrical con- 
version device 30 (FIG. 3B). In general, the optical/electrical conversion device 30 has a sufficiently wide linear region, 
while the amplifier 3 1 has a rather narrow linear region. 

[0084] Hence, in the former case, i.e., when the optical/electrical conversion part 15 is formed by the single opti- 
cal/electrical conversion device 30, even if not intentionally controlling the amplification factor, there is a bare posstoilHy 
that the strength of the input optical signal in the optical/electrical conversion part 15 exceeds the upper Omit of the 
aforementioned another prescribed linear region. However, in the latter case, i.e., when the optical/electrical conversion 
part 15 is formed by the optical/electrical conversion device 30 and the amplifier 31 . it is necessary to intentionally con- 
trol the amplification factor, so that the strength of the input optical signat in the optical/electrical conversion part 1 5 will 
not exceed the upper limit of the aforementioned another prescribed linear region. 

[0085] The amplification part 12 performs amplification with such an amplification factor that the power of the code 
division multiple access signal included in the output signal from the optical/electrical conversion part 15 becomes suf- 
ficiently larger than that of noise. Thus, the receiving end can obtain a code division multiple access signal having suf- 
ficiently large power as compared with noise (i.e., having an excellent C/N ratio). 

[0086] Most preferably, the arrplif ication part 12 performs amplification with the aforementioned amplification factor, 
which is such an amplification factor that the power of the.irput signal in the electrical/optical conversion pari 14 wiB not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
optical/electrical conversion part 15 will not exceed the upper limit of the aforementioned another prescribed linear 
region. Thus, the receiving end can obtain a code division multiple access signal having sufficiently large power as com- 
pared with noise and with no distortion. 

[0087] As to the optical transmission system having the aforementioned structure, operations when applied to the 
radio base station of FIG. 2 are now described. 

[0088] First, operations of transmitting a signal from the slave station 21 to the master station 20 are described. 
[0089] FIG 4 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the 
optical transmission system of FIG. 1 is applied. FIG. 4 shows elements necessary when transmitting a signal from the 
slave station 21 to the master station 20. Referring to FIG. 4, the slave station 21 comprising the antenna 21a is pro- 
vided with the separation part 10, the amplification parts 1 1 and 12, the combination part 13 and the electrical/optical 
conversion part 14 of FIG. 1, and the master station 20 is provided with the opticat/electricat conversion part 15. 
[0090] In a talking area of the slave station 21 , a mobile terminal for the current system and a mobile terminal for 
the CDMA system are mixedly provided (not shown). From these mobile terminal sides, an RF signal and a code divi- 
sion multiple access signal are sent toward the slave station 21 . In the slave station 21, these RF signal and code divi- 
sion multiple access signal are received by the antenna 21a and inputted in the separation part 10. The separation part 
10 separates the input signal including the RF signal and the code division multiple access signal into the RF signal and 
the code division multiple access signal. 

[0091] The separation part 10 can be implemented employing a divider branching an input signal into two signals 
and filters selectively transmitting signals of specific frequencies, for example. FIG. 5 shows an exemplary structure of 
the separation part 10. Referring to FIG 5, the separation part 10 includes a divider 40 and filters 41 and 42. The filter 
41 is a filter having such a characteristic that its transmission band includes a band for the RF signal while including no 
band for the code division multiple access signal. The filter 42 is a filter having such a characteristic that its transmission 
band includes the band for the code division multiple access signal while including no band for the RF signal. Therefore, 
when the RF signal and the code division multiple access signal are inputted in the divider 40, the filter 41 outputs the 
RF signal and the f Bter 42 outputs the code division multiple access signal respectively. 
[0092] Also when providing in place of the antenna 21a and the separation part 10 an antenna for the RF signal 
and an antenna tor the code division multiple access signal, the input signal can be branched into two signals. That is, 



by the antenna for the RF signal and the antenna for the code division multiple access signal, a signal separating func- 
tion similar to the above can be implemented. 

[0093] The RF signal obtained by separation is supplied to the amplification part 11. and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is supplied to the amplification part 12. and 
amplified there. The output signal of the amplification part 1 1 and the output signal of the amplification part 12 are com- 
bined in the combination part 1 3, and inputted in the electrical/optical conversion part 1 4. The electrical/optical conver- 
sion part 14 performs electrical/optical conversion ol the input signal, and radiates the obtained optical signal into the 
optical fiber 22. 

[0094] The optical signal outputted from the slave station 21 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the master station 20. In the master station 20, the optical/electrical conversion part 15 per- 
forms optical/electrical conversion of the optical signal from the slave station 21. By frequency-separating the output 
signal of the optical/electrical conversion part 15 (a separation part therefor is not illustrated), the RF signal and the 
code division multiple access signal are obtained. 

[0095] In the aforementioned operations, the amplification part 1 1 performs amplification with such an amplification 
factor that the power of the RF signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of nose and the power of the input signal in the electrical/optical conversion part 
14 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 15, whereby the RF signal obtained in the master station 20 has sufficiently large 
power as compared with noise, and is not distorted. 

[0096] Further, the amplification part 12 performs amplification with such an amplification factor that the power of 
the code division multiple access signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
1 4 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 1 5. whereby the code division multiple access signal obtained in the master station 20 
has sufficiently large power as compared with noise and is not distorted. 

[0097] The amplification factors of the amplification parts 1 1 and 12 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities. 
[0098] Operations of transmitting a signal from the master station 20 to the slave station 21 are now described. 
[0099] FIG. 6 is a block diagram showing another exemplary structure of the radio base station of FIG. 2 to which 
the optica! transmission system of FIG. 1 is applied. FIG. 6 shows elements necessary when transmitting a signal from 
the master station 20 to the slave station 21 . Referring to FIG. 6, the slave station 21 comprising the antenna 21a is 
provided with the optical/electrical conversion part 15 of FIG. 1, and the master station 20 is provided with the separa- 
tion part 10, the amplification parts 1 1 and 12, the combination part 13 and the electrical/optical conversion part 14. 
[01 00] To the master station 20, a signal including an RF signal and a code division multiple access signal is trans- 
mitted from a cent©' station (riot shown) through a prescribed transmission path. In the master station 20, the separa- 
tion part 1 0 separates the signal from the center station into the RF signal and the code division multiple access signal. 
[0101] The RF signal obtained by separation is supplied to the amplification part 1 1, and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is supplied to the amplification part 12, and 
amplified there. The output signal of the amplif ication part 1 1 and the output signal of the amplification part 12 are com- 
bined in the combination part 13. and inputted In the electrical/optical conversion part 14. The electrical/optical conver- 
sion part 14 performs electrical/optical conversion of the input signal, and radiates the obtained optical signal into the 
optical fber 22. 

[01 02] The optical signal outputted from the master station 20 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the slave station 21 . In the slave station 21. the optical/electrical conversion part 15 performs 
optical/electrical conversion of the input optical signal. By frequency-separating the output signal of the optical/electrical 
conversion part 1 5 (a separation part therefor is not illustrated), the RF signal and the code division multiple access sig- 
nal are obtained. From the slave station 21, the RF signal and the code division multiple access signal obtained in the 
aforementioned manner are sent through the antenna 21a toward each mobile terminal in the talking area of the slave 
station 21. 

[0103] In the aforementioned operations, the amplification part 1 1 performs amplification with such an amplification 
factor that the power of the RF signal included in the output signal from the optical/electrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
1 4 will not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 15, whereby the RF signal obtained in the slave station 21 has sufficiently large power 
as compared with noise and is not distorted. 
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[0104] Further, the amplification part 12 performs amplification with such an amplification factor that the power of 
the code division multiple access signal included in the output signal from the opticalfelectrical conversion part 15 
becomes sufficiently larger than that of noise and the power of the input signal in the electrical/optical conversion part 
14 wiD not exceed the upper limit of the linear region of the electrical/optical conversion part 14 while the strength of the 
input optical signal in the optical/electrical conversion part 15 will not exceed the upper limit of the linear region of the 
optical/electrical conversion part 15. whereby the code division multiple access signal obtained in the slave station 21 
has sufficiently large power as compared with noise and is not distorted. 

[01 05] The amplification factors of the amplification parts 1 1 and 1 2 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities as in the case 
of transmitting a signal from the slave station 21 to the master station 20. 

[01 06] According to the first embodiment, as hereinabove described, when transmitting the signal including the RF 
signal and the code division multiple access signal, the signal is separated into the RF signal and the code division mul- 
tiple access signal to be amplified with amplification factors suitable for the respective power and transmitted whereby 
the RF signal and the code division multiple access signal obtained at the receiving end both have sufficiently laroe 
power as compared with noise and are not distorted. 

(Second Embodiment) 

[01 07] FIG. 7 is a block diagram showing the structure of an optical transmission system according to a second 
embodiment of the present invention. Referring to FIG. 7, the optical transmission system comprises a separation part 
60. amplification parts 61 and 62, electrical/optical conversion parts 63 and 64. a wavelength division multiplexing part 
65. a wavelength division demultiplexing part 66 and optical/electrical conversion parts 67 and 68. The separation part 
60. the amplification parts 61 and 62. the electrical/optical conversion parts 63 and 64 and the wavelength division mul- 
tiplexing part 65 are provided at a sending end. and the wavelength division demultiplexing part 66 and the optical/elec- 
trical conversion parts 67 and 68 are provided at a receiving end. 

[01 08] The system of FIG. 7 is applied to a radio base station similar to that in FIG. 2 (refer to the first embodiment) 
The optical transmission system of FIG. 7 is applied to the radio base station of FIG. 2. for performing signal transmis- 
sion between the master station 20 and the slave station 21. That is. the system converts an input signal including an 
RF signal employed in the current system and a code division multiple access signal employed in the CDMA system to 
an optical signal and transmits the same through the optical fiber 22. 

[0109] Referring again to FIG. 7. the separation part 60 separates the input signal into the RF signal and the code 
division multiple access signal. The amplication part 61 amplifies the RF signal to be transmitted. The amplification 
part 62 amplifies the code division multiple access signal to be transmitted. The electrical/optical conversion part 63 
performs electrical/optical conversion of the amplified RF signal. The electrical/optical conversion part 64 performs 
electncal/optical conversion of the amplified code division multiple access signal. The wavelength division multiplexing 
part 65 multiplexes the optical signal (output signal of the electrical/optical conversion part 63) correspoixfing to the RF 
signal and Hie optical signal (output signal of the electrical/optical conversion part 64) corresponding to the code divi- 
sion multiple access signal. The wavelength division demultiplexing part 66 separates the transmitted optical signal 
(output signal of the wavelength division multiplexing part 65) into the optical signal corresponding to the RF signal and 
the optical signal corresponding to the code division multiple access signal. The optical/electrical conversion part 67 
performs optical/electrical conversion of the optical signal corresponding to the RF signal. The optical/electrical cower- 
sion part 68 performs optical/electrical conversion of the optical signal corresponding to the code division multiple 
access signal. K 

[0110] The electrical/opticaf conversion part 63 has. in relation to the power of the input signal, such a prescribed 
linear region that change of the strength of the output optical signal with respect to change thereof is linear. That is 
when a signal having power exceeding the upper limit of this region is inputted in the electrical/optical conversion part 

63, the output optical signal is distorted. 

[01 1 1] The electrical/optical conversion part 64 has. in relation to the power of the input signal, such another pre- 
ssed linear region mat changed the ^ That 
is. when a signal having power exceeding the upper limit of this region is inputted in the electrical/optical conversion part 

64. me output optical signal is distorted. 

[0112] The optical/eleclrical conversion part 67 has. in relation to the strength of the input optical signal, such still 
another prescribed linear region that change of the power of the output signal with respect to change thereof is linear 
That is. when an optical signal having strength exceeding the upper lima of this region is inputted in the optical/electrical 
conversion part 67. the output signal is distorted. 

[0113] The optical/electrical conversion part 68 has, in relation to the 6trenglh of the input optical signal, such a fur- 
ther prescribed linear region that change of the power of the output signal with respect to change thereof is linear. That 
is. when an optical signal having strength exceeding the upper limit of this region is inputted in the optical/electrical con- 



version part 68, the output signal is distorted. 

101141 The amplication part 61 performs amplification with such an amplification factor that the power of the RF 
signal included in the output signal from the optical/electrical conversion part 67 becomes sufficiently larger than that 
of noise. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise (i.ft. 

having an excellent C/N ratio). , 
101151 Most preferably, the amplification part 61 performs amplification with the aforementioned amplification factor, 
which is such an amplification factor that the power of the input signal in the electrical/optical conversion part 63 will not 
exceed the upper limit of the aforementioned prescribed linear region and the strength of the input optical signal in the 
optical/electrical conversion part 67 will not exceed the upper limit of the aforementioned still another prescribed linear 
region. Thus, the receiving end can obtain an RF signal having sufficiently large power as compared with noise and with 

lWl l q 0rt °The amplification part 62 performs amplification with such an amplification factor that the power of the code 
division multiple access signal Included in the output signal from the optical/electrical conversion part 68 becomes suf- 
ficiently larger than that of noise. Thus, the receiving end can obtain a code division multiple access signal having suf- 
ficiently large power as compared with noise (i.e.. having an excellent C/N ratio). 

[01171 Mostpreferably. the amplification part 62 performs amplification with the aforementioned amplification factor, 
which is such an amplif ication factor that the power of the input signal in the electrical/optical conversion part 64 will not 
exceed the upper limit of the aforementioned another prescribed linear region and the strength of the input optical signaJ 
in the optical/electrical conversion part 68 will not exceed the upper limit of the aforementioned further prescribed linear 
region. Thus, the receiving end can obtain a code division multiple access signaJ having sufficiently large power as com- 
pared with noise and with no distortion. 

(01 18] B the optical/electrical conversion parts (67 and 68) have sufficiently wide linear regions, the wavelength divi- 
sion demultiplexing part 66 may be omitted tor collectively receiving in either optical/electrical conversion part both of 
the RF signal and the code division multiple access signal. 

[0119J It is supplemented here that the optical/electrical conversion part 67 or 68 may be, similarly to the opti- 
cal/electrical conversion part 15 of FIG. 1 as shown in FIGS. 3A and 3B, formed by a single optical/electrical conversion 
device 30 or formed by an optical/electrical conversion device 30 and an amplifier (preamplifier) 31 previously amplify- 
ing an output signal of the optical/electrical conversion device 30. In general, the optical/electrical conversion device 30 
has a sufficiently wide linear region, while the amplifier 31 has a rather narrow linear region. 
[0120] Hence, in the former case. i.e.. when the optical/electrical conversion part 67 or 68 is formed by the single 
optical/electrical conversion device 30, the ampflficatjon factor may not be intentionally adjusted since there is a bare 
possibility that the strength of the input optical signal in the op6ca!/ele(^cal conversion part 67 or 68 exceeds the upper 
limit of the aforementioned still another prescribed linear region. However, in the latter case. i.e>. when the optical/elec- 
trical conversion part 67 or 68 is formed by the optical/electrical conversion device 30 and the amplifier 31, it is neces- 
sary to intentionally adjust the amplification factor, so that the strength of the input optical signal in the optical/electncal 
conversion part 67 or 68 will not exceed the upper limit of the aforementioned still another prescribed linear region. 
[0121] As to fhe optical transmission system having the aforementioned structure, operations when applied to the 
radio base station of FIG. 2 are now described. 

[0122] First, operations of transmitting a signal from the slave station 21 to the master station 20 are described. 
[0123] FIG. 8 is a block diagram showing an exemplary structure of the radio base station of FIG. 2 to which the 
optical transmission system of FIG. 7 is applied. FIG 8 shows elements necessary when transmitting a signal from the 
slave station 21 to the master station 20. Referring to FIG. 8. the slave station 21 comprising the antenna 21a Is pro- 
vided with the separation part 60. the amplif ication parts 61 and 62. the electrical/optical conversion parts 63 and 64 
and the wavelength division multiplexing part 65 of FIG. 7. and the master station 20 is provided with the wavelength 
division demultiplexing part 66 and the optical/electrical conversion parts 67 and 68. 

[0124] In a talking area of the slave station 21 . a mobile terminal for the current system and a mobile terminal for 
the CDMA system are mixedly provided (not shown). From these mobile terminal ends, an RF signal and a code divi- 
sion multiple access signal are sent toward the slave station 21 . In the slave station 21. these RF signal and code divi- 
sion multiple access signal are received by the antenna 21a and inputted in the separation part 60. The separation part 
i 60 separates the input signal including the RF signal and the code division multiple access signal into the RF signal and 
the code division multiple access signal. 

[0125] The separation part 60 can be implemented by employing a divider branching the input signal into two sig- 
nals and filters selectively transmitting signals of specific frequencies, for example (refer to FIG 5). 
[0126] The RF signal obtained by separation is supplied to the amplification part 61 . and amplified there. On the 
i other hand, the code division multiple access signal obtained by separation is supplied to ihe amplification part 62. and 
amplified there. The electrical/optical conversion part 63 performs electrical/optical conversion of the amplified RF sig- 
nal. The electrical/optical conversion part 64 performs electrical/pptical conversion of the amplified code division multi- 
ple access signal. The output signal of the electrical/optical "conversion part 63 and the output signal of the 
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electrical/optical conversion part 64 are multiplexed in the wavelength division multiplexing part 65, and radiated into 
the optical fiber 22. 

[0127) The optical signal outputted from the slave station 21 in the aforementioned manner propagates in the opti- 
cal fiber 22 and reaches the master station 20. In the master station 20, the wavelength division demultiplexing part 66 
separates the optical signal from the slave station 21 into an optical signal corresponding to the RF signal and an optical 
signal corresponding to the code division multiple access signal. 

[0128] The wavelength division demultiplexing part 66 can be implemented by employing a divider branching the 
input signal into two signals and filters selectively transmitting optical signals of specific wavelengths, for example. 
[0129] The optical signal corresponding to the RF signal is subjected to optical/electrical conversion in the opti- 
cal/electrical conversion part 67. The optical signal corresponding to the code division multiple access signal is sub- 
jected to optical/electrical conversion in the optical/electrical conversion part 68. Thus, the RF signal and the code 
division multiple access signal are obtained. 

[0130] In the aforementioned operations, the amplification part 61 performs amplification with such an amplif ication 
factor that the power of the output signal (RF signal) from the optical/electrical conversion part 67 becomes sufficiently 
larger than that of noise and the power of the input signal in the electrical/optical conversion part 63 will not exceed the 
upper limit of the linear region of the electrical/optical conversion part 63 while the strength of the input optical signal in 
the optical/electrical conversion part 67 will not exceed the upper limit of the linear region of the optical/electrical con- 
version part 67, whereby the RF signal obtained in the master station 20 has sufficiently large power as compared with 
noise, and is not distorted. 

[0131] Further, the amplification part 62 is set at such a value that the power of the output signal (code division mul- 
tiple access signal) from the optical/electrical conversion part 68 becomes sufficiently larger than that of noise and the 
power of the input signal in the electrical/optical conversion part 64 will not exceed the upper limit of the linear region of 
the electrical/optical conversion part 64 while the strength of the input optica) signal in the optical/electrical conversion 
part 68 will not exceed the upper limit of the linear region of the optical/electrical conversion part 68, whereby the code 
division multiple access signal obtained in the master station 20 has sufficiently large power as compared with noise 
and is not distorted. 

[0132] The amplification factors of the amplif ication parts 61 and 62 may be respectively fixed at predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities. 
[01 33] Operations of transmitting a signal from the master station 20 to the slave station 2 1 are now described. 
[0134] FIQ 9 is a block diagram showing another exemplary structure of the radio base station of FIQ. 2 to which 
the optical transmission system of FIQ. 7 is applied. FIQ. 9 shows dements necessary when transmitting a signal from 
the master station 20 to the slave station 21 . Referring to FIQ. 9, the slave station 21 comprising a parr of antennas 21a 
is provided with the wavelength division demultiplexing part 66 and the optical/electrical conversion parts 67 and 68 of 
FIG. 7, and the master station 20 is provided with the separation part 60, the amplification parts 61 and 62, the electri- 
cal/optical conversion parts 63 and 64 and the wavelength division multiplexing part 65. 
[0135] To the master station 20, a signal including an RF signal and a code division multiple access signal is trans- 
mitted from a center station (not shown) through a preserved transmission path. In the master station 20, the separa- 
tion part 60 separates the signal from the cents' station into the RF signal and the code division multiple access signal. 
[0136] The RF signal obtained by separation is supplied to the amplif ication part 61 , and amplified there. On the 
other hand, the code division multiple access signal obtained by separation is sippOed to the amplif ication part 62, and 
amplified there. The electrical/optical conversion part 63 performs electrical/optical conversion of the amplified RF sig- 
nal. The electrical/optical conversion part 64 performs electrical/optical conversion of the amplified code division multi- 
ple access signal. The output signal of the electrical/optical conversion part 63 and the output signal of the 
electrical/optical conversion part 64 are multiplexed in the wavelength division multiplexing part 65, and radiated into 
the optical fiber 22. 

[0137] The optical signal outputted from the master station 20 as in the aforementioned manner propagates in the 
optical fiber 22 and reaches the slave station 21 . In the slave station 21, the wavelength division demultiplexing part 66 
separates the optical signal from the master station 20 into an optical signal corresponding to the RF signal and an opti- 
cal signal corresponding to the code division multiple access signal. The optical signal corresponding to the RF 6ignal 
is subjected to optical/electrical conversion in the optical/electrical conversion part 67. The optical signal corresponding 
to the code division multiple access signal is subjected to optical/electrical conversion in the optical/electrical conver- 
sion part 68. Thus, the RF signal and the code division multiple access signal are obtained. From the slave station 21 , 
the RF signal and the code division multiple access signal obtained in the aforementioned manner are sent through the 
pair of antennas 21a toward each mobile terminal in the talking area of the slave station 21 . 
[0138] In the aforementioned operations, the amplification part 61 performs amplification with such an amplification 
factor that the power of the RF signal outputted from the optical/electrical conversion part 67 becomes sufficiently larger 
than that of noise and the power of the input signal in the electrical/optical conversion part 63 will not exceed the upper 
limit of the linear region of the electrical/optical conversion part 63 while the strength of the input optical signal in the 



optical/electrical conversion part 67 will not exceed the upper limit of the linear region of the optical/electrical conversion 
part 67, whereby the RF signal obtained in the slave station 21 has sufficiently large power as compared with noise and 
is not distorted. 

[0139] Further, the amplification part 62 performs amplification with such an amplification factor that the power of 
the code division multiple access signal outputted from the optical/electrical conversion part 68 becomes sufficiently 
larger than that of noise and the power of the input signal in the electrical/optical conversion part 64 will not exceed the 
upper limit of the linear region of the electrical/optical conversion part 64 while the strength of the input optical signal in 
the optical/electrical conversion part 68 will not exceed the upper limit of the linear region of the optical/electrical con- 
version part 68. whereby the code division multiple access signal obtained in the slave station 21 has sufficiently large 
power as compared with noise and is not distorted. 

[01401 The amplification factors of the amplification parts 61 and 62 may be respectively fixed at-predetermined val- 
ues or may be adjusted during transmission in response to change of C/N ratios and distortion quantities, similarly to 
the case of transmitting the signal from the slave station 21 to the master station 20. 

[0141 J According to the second embodiment, as hereinabove described, when transmitting the signal including the 
RF signal and the code division multiple access signal, the signal is separated into the RF signal and the code division 
multiple access signal to be amplified with amplification factors suitable for the respective power and transmitted, 
whereby the RF signal and the code division multiple access signal obtained at the receiving end both have sufficiently 
large power as compared with noise and are not distorted. 

[0142] In the first embodiment, the RF signal and the code division multiple access signal obtained by separation 
are both converted in the electrical/optical conversion part 14 and the optical/electrical conversion part 15, whBe in the 
second embodiment the RF signal obtained by separation is converted in the electrical/optical conversion part 63 and 
the optical/electrical conversion part 67 and the code division multiple access signal obtained by separation is con- 
verted in the electrical/optical conversion part 64 and the optical/electrical conversion part 68 respectively. Hence, the 
second embodiment is. as compared with the first embodiment, slightly complicated in structure. However, when C/N 
ratios and distortion characteristics of about the same degrees are to be obtained, the second embodiment may have 
lower upper limits of the linear regions of the electrical/optical conversion parts and the optical/electrical conversion 
parts than the first embodiment. This is because the power of the input signal in the electrical/optical conversion part 
63 and the power of the input signal in the electrical/optical conversion part 64 respectively become smaller than the 
power of the input signal in the electrical/optical conversion part 14, and the strength of the input optical signal in the 
optical/electrical conversion part 67 and the strength of the input optical signal in the optical/electrical conversion part 
68 respectively become smaller than the strength of the input optical signal in the optical/electrical conversion part 15. 

(Third Embodiment) 

[0143] FIG. 10 is a block diagram shewing the structure of a radio signal transmitter according to a third embodi- 
ment of the present invention. Referring to FIG. 10, in this racfio signal transmitter a master station 1 10 and a slave sta- 
tion 130 are connected by optical fibers 121 and 122. 

[0144J The slave station 130 comprises an optical/electrical conversion part 131, an electrical/optical conversion 
part 133. a first ampfification part 132, a second amplification part 134a, a third amplification part 134b, a first circulator 
135a, asecond circulator 13a, a combiner 137, a first antenna 136a and asecond antenna 136b. 
[0145] The second amplification part 134a, the first circulator 135a and the first antenna 136 process a signal with 
a first frequency band (a frequency band utilized in conventional radio communication service). This signal with the first 
frequency band is not subjected to power control when sent from a first mottle terminal. 
[0146] On the other hand, the third amplification part 134b, the second circulator 135b and the second antenna 
136b process a signal with a second frequency band (a frequency band utilized for performing new radio communica- 
tion service). This signal with the second frequency band is subjected to power control when sent from a second mobile 
terminal. This second frequency band may be simply different from the first frequency band, and there is no particular 
restriction in allocation. 

[0147] FIG. 11 show6 exemplary relation between the frequencies and received power of the signals received by 

the first antenna 136a and the second antenna 136b. 

[0148] First, down system signal transmission is described. 

[0149] An optical signal sent from the master station 110 fe transmitted through the optical fiber 121 to the slave 
station 130 present on a remote site. In the slave station 130, the optical/electrical conversion part 131 receives the opti- 
cal signal sent from the master station 1 10 and converts the same to a radio modulation signal which is an electric sig- 
nal. The first amplification part 132 amplifies and outputs this radio modulation signal. The amplified radio modulation 
signal is radiated through the circulator 135a from the antenna 136a if this is a radio modulation signal with the first fre- 
quency band (hereinafter referred to as a first radio modulation signal), or radiated through the circulator 1 35b from the 
antenna 136b if this is a radio modulation signal with the second frequency band (hereinafter referred to as a second 
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radio modulation signal). The first and second radio modulation signals radiated from the antennas 136a and 136b are 
received by corresponding first and second mobile terminals (not shown) in the area respectively. 
[01SO] Up system signal transmission is now described. 

[01 51) The first radio modulation signal sent from each first mobile terminal in the area is received by the first 

5 antenna 136a and thereafter frequency-multiplexed. As hereinabove described, the first radio modulation signal is not 
subjected to power control when sent from the first mobile terminal, and hence dispersion takes place in the received 
power due to the difference in distance between each first mobile terminal and the slave station 130. 
[0152] The frequency-multiplexed first radio modulation signal is inputted through the circulator 135a in the second 

. amplification part 134a. The second amplification part 134a amplifies the inputted first radio modulation signal and out- 

w puis (he same to the combiner 1 37. 

[01 53] On the other hand, the second radio modulation signal sent from each second mobile terminal in the area is 
received by the second antenna 136b and thereafter frequency-multiplexed. As hereinabove described, the second 
radio modulation signal is subjected to power control when sent from the second mobile terminal, and hence the 
received power in the slave station 130 reaches a constant level without depending on the difference in distance 

is between each second mobile terminal and the slave station 130. 

[0154] The frequency-multiplexed second radio modulation signal is inputted through the circulator 135b in the third 
amplification part 134b. The third amplification part 134b amplifies the inputted second radio modulation signal and out- 
puts the same to the combiner 1 37. At this time, the third amplification part 1 34b performs amplification so that the level 
of the amplified second radio modulation signal becomes smaller than the level of the first radio modulation signal after 

20 amplification by the second amplification part 134a. 

[0155] The combiner 137 multiplexes the first radio modulation signal outputted from the second amplification part 
134a and the second radio modulation signal outputted from the third amplification part 134b and outputs the same to 
the electrical/optical conversion part 133. The electrical/optical conversion part 133 receives the multiplexed radio mod- 
ulation signal, converts the same to an optical signal and outputs the same. The optical signal outputted after converted 

25 in this electrical/optical conversion part 133 is transmitted through the optical ffoer 1 22 to the master station 1 1 0 present 
on a remote site. 

[0156] Thus, when sharing the existing radio signal transmitter between a communication system with an existing 
frequency band and a communication system with another frequency band, a signal sutyected to control of transmis- 
sion power is employed as a signal employed for the communication system with another frequency band. When per- 

30 forming control of the transmission power of the signal, reduction of thedynamic range is enabled as compared with the 
conventional case of performing no transmission power control. Therefore, it is possible to set the optical modulation 
index in the case of performing control of the transmission power small as compared with the case of performing no 
control of the transmission power, and even if employing two communication systems, the transmission characteristics 
of the overall communication systems remain substantially unchanged as compared with the conventional case of one 

35 communication system, and increase of the number of transmission carriers is enabled. 

[0157] The above is verified employing the equation (1) and the equation (2) described in relation to the aforemen- 
tioned prior art 

[0158] The conventional radio signal transmitter not controlling transmission power has required a wide dynamic 
range reaching 60 dB. In the case of the signal performing new service this time, transmission power from each mobile 
40 terminal (second mobile terminal) is controlled and hence the wide dynamic range reaching 60 dB becomes unneces- 
sary. Assuming that the dynamic range of the new service is 20 dB, for example, the signal level can be reduced by 40 
dB as compared with the case that the dynamic range is 60 dB, and the optical modulation Index at this time becomes 
1/100 as compared with the case of performing no control of the transmission power. 

[0159] Assuming that the carrier number N is "8' which is the number of mobile terminals capable of simultaneous 
45 talking from places close to the slave station 300 in the conventional radio signal transmitter, calculation of the distortion 
characteristic in the case of newly frequency-multiplexing a signal with the second frequency band this time is per- 
formed. FIG. 12 shows the calculation result 

[0160] As obvious from FIG. 12, the distortion characteristic is not degraded even if frequency-multiplexing the sig- 
nal with the second frequency band on the signal with the first frequency band, and the number of carriers capable of 

50 transmitting the signal with the second frequency band reaches 700. 

[01 61] As hereinabove described, according to the radio signal transmitter according to the third embodiment of the 
present invention, transmission characteristics of the overall two communication systems can be substantially the same 
as the transmission characteristic of only the conventional one communication system with only slight change in the 
slave station 1 30. Therefore, increase of the transmission carrier nurriber is enabled while the cost required for introduc- 

65 tion of the new communication systan can be remarkably reduced. 

[0162] When employing as the signal sent from the aforementioned second mobile terminal a signal subjected to 
code division multiple access by the CDMA (code division multiple access) system, for example, the following effect is 
further generated: 



(01631 The signal subjected to code division multiple access has such a characteristic that the band is wide and 
Lk power is low. and hence a dtetortton signal generated from the secomi radio rnodulation signal also has a wide 
band and an extremely low peak power. Therefore, even if distortion is caused in the frequency band of the f rot racto 
modulation signal, this exerts no influence on the first radio modulation signal. Therefore, when employing a signal sub- 
jected to code division multiple access, influence exerted on the first radio modulation signal by frequency-mult.plex.ng 
the second radio modulation signal on the f irst radio modulation signal can be further reduced. 



(Fourth Embodiment) 

10 101641 An optical transmission system according to a fourth embodiment of the present invention has the same 
structure as the optical transmission system according to the first embodroent (refer to FIG. 1) except that the separa- 
tion part 10 is eliminated. • jt _. . ^ «,«,♦ m 
[0165] The operation of the optical transmission system according to the fourth embodiment is identical to that ot 
the optical transmission system according to the first embodiment expect for the following points. 

is [01661 To the optical transmission system according to the fourth embodiment, an RF signal and a code division 
multiple access signal are inputted separately, that is. in a state where the two signals are previously separated from 
each other The optical transmission system according to the fourth embodiment then amplif ies the RF signal and code 
division multiple access signal with amplification factors related to the power of the respective signals and transmits the 
same. 



so 



(Fifth Embodiment) 

[01671 An optical transmission system according to a lifth embodiment ol the present invention has the same struc- 
ture as the optical transmission system according to the second embodiment (refer to FIG. 7) except that the separation 

25 part 60 is eliminated. ^ ... ,. 

[01681 the operation of the optical transmission system according to the fifth embodiment is identical to that of the 
optical transition system according to the second ernbodimerrt except for toe foiling points. 
[01691 To the optical transmission system according to the fifth embodiment, an RF signal and a code division mul- 
tiple access signal are inputted separately, that is. in a state where the two signals are previously separated from each 
so other. The optical transmission system according to the fifth embodiment then amplifies the RF signal and code division 
multiple access signal with amplification factors related to the power of the respective signals and transmits slhe same. 
[0170J While the invention has been described in detail, the foregoing description is in all aspects Blustratwe and 



not restrictive. It is understood that numerous other modifications and variations can be devised without uspartng from 
the scope of the invention. 
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Claims 
1 



40 



A radio signal transmitter tor transmitting a signal including both of a radio signal being in a first frequency band and 
not subjected to transmission power limitation (hereinafter referred to as a first radio signal) and a radio signal bang 
in a second frequency band different from the first frequency band and subjected to transmission power limitation 
(hereinafter referred to as a second radio signal), comprising 

at a sending end: . 
a separation part (10) separating said signal into the first radio signal and the second radio signal; 
« a first amplification part (11) amplifying said first radio signal with an amplification (actor related to the power 

of the first radio signal; „ _ , . . . 

a second amplification part (12) amplifying said second radio signal with an amplification factor related to the 

power of the second radio signal; and , 
a combination part (13) combining amplified said first radio signal and amplified said second radio signal. 

2. The radio signal transmitter in accoidance with claim 1 , further comprising at the sending end an electrical/optical 
conversion part (14) performing electrical/optical conversion of an output signal of said combination part (13). and 

comprising at a receiving end an optical/electrical conversion part (15) performing optical/electrical conversion 
55 of an output optical signal of said electrical/optical conversion part (14), wherein 

the sending end and the receiving end are connected to each other by an optical fiber (22). 

3. The radio signal transmitter in accordance with claim 1 . wherein said second radio signal is a signal subjected to 
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code division multiple access. 

4 The radio signal transmitter in accordance with claim 3, further comprising at the sending end an electrical/optical 
conversion part (14) performing electrical/optical conversion ol an output signal from said combination part (13). 
and 

comprising at a receiving end an optical/electrical conversion pari (15) performing optical/electrical conversion 

of an output optical signal of said electricalfoptical conversion part (14), wherein 

the sending end and the receiving end are connected lo each other by an optical fiber (22). 

5 The radio signal transmitter in accordance with claim 4. wherein said first amplification part (1 1 ) and said second 
amplification part (12) respectively further perform amplification with such amplification factors that the strength of 
an input optical signal in said optical/electrical conversion part (1 5) win not exceed the upper limit of a linear region 
of the optical/electrical conversion part (1 5). 

6. The radio signal transmitter in accordance witti claim 5. wherein said oplical/electrical corwersion part (15) is 
formed by an optical/electrical conversion device (30) and an amplilier (31) previously amplifying an output signal 
of the optical/electrical conversion device (30). 

7. The radio signal transmitter in accordance with claim 4. wherein said first amplification part (11) and said second 
amplification part (12) respectively further perform amplification with such amplification factors that the power of an 
input signal in said electrical/optical conversion part (1 4) will not exceed the upper limit of a linear region of the elec- 
trical/optical conversion part (14). 

8. The radio signal transmitter in accordance with claim 7. wherein said first amplification part (1 1) and said second 
amplification part (12) respectively further perform amplification with such amplification factors that the strength of 
an input optical signal in said optical/electrical conversion part (15) will not exceed the upper limit of a linear region 
of the optical/electrical conversion part (1 5). 

9. The radio signal transmitter in accordance with daim 8, wherein said optical/electrical conversion part (15) is 
formed by an optical/electrical conversion device (30) and an amplifier (31) previously amplifying an output signal 
of the optical/electrical conversion device (30). 

10. A radio signal transmitter for transmitting a signal including both of a radio signal being in a first frequency band and 
not subjected to transmission power limitation (hereinafter referred to as afiret radio signal) and a radio signal being 
in a second frequency band different from the first frequency band and subjected to transmission power limitation 
(hereinafter referred to as a second radio signal), wherein 

a sending end and a receiving end are connected to each other by an optical fiber (22), said radio signal trans- 
mitter comprising 
at tie sending end: 

a separation part (60) separating said signal Into said first radio signal and said second radio signal; 

a first amplification part (61) amplifying said first radio signal with an amplification factor related to the power 

of fie first radio signal; 

a second amplification part (62) amplifying said second radio signal with an amplification factor related to the 
power of the second radio signal; 

a f rst electrical/optical conversion part (63) performing electrical/optical conversion of amplified said first radio 
signal; 

a second electricaVopticai conversion part (64) performing electrical/optical conversion of amplified said sec- 
ond radio signal: and , ^ . 
a wavelength division multiplexing part (65) wavelengthKfivision-rmiltfolexing a first optical signal obtained by 
conversion through said first electrical/optical conversion part (63) and a second optical signal obtained by con- 
version through said second electricaVopticai conversion part (64). and comprising 
at tiie receiving end: 

a wavelength division demultiplexing part (66) wavelength-separating an output optical signal of said wave- 

length division multiplexing part (65) into said first optk^ signal arid said second optical signal; 

a first optical/electrical conversion part (67) performing optical/electrical conversion of said first optical signal; 

and 



a second optical/electrical conversion part (68) performing optical/electrical conversion ol said second optical 



1 1 . The radio signal transmitter h accordance with claim 10. wherein said second radio signal is a signal subjected to 
cade division multiple access. 

12 Theradtoaonaltransmitterfo 

35^^ 



(67), and 



^nnd arnotrfication part (62) lurlher performs amplification with such an amplification factor that the 
ZffwSXff* - s«»nd cplicaVelectrica, conversion pi (68) wil. not excaed the 
upper limit of a linear region of the second optical/electrical conversion part (68). 

13. The radio signal transmitter in accordance with claim 12. wherein said first ^J^^^J^ 
Ind Sd S optical/electrical conversion part (68) are respectively formed by optcal/electncal corners on 
aV* (31) previously amplifying output signals of the optJcal/e.ectr.cal convert dev,ces 

(30). 

14 The radio signal transmitter in accordance with claim 1 1 . ^^^^'^^i 6 ^^^ 
aZSca^on with such an amplHkatfon facta 

sakl second amplification part (62) further performs amplication with such an J* to 

pLer of an input signal in said second electrical/optica! conversion part (64) wiO not exceed the upper hrnrt of 
a linear region of the second electrical/optical conversion part (64). 

1 5 The radio sional transmitter in accordance with daim 1 4. wherein said first amplification part (61 ) further periorns 
(67). and 

sakl second ampBficalion part (62) further performs «^<""^ He 
strength of an input optical signal in said second optical/electreal converson part (68) will not exceed the 
upper limit of a linear region of the second optical/electrical conversion part (68). 

16 The radio sional transmitter in accoriance with claim 15. wherein said first optical/electrical conversion part (67) 
2S£«SLw conversion part (68) are respectKrely formed by optical/electro! converswn 

(£5 SSL (3D previously anting output signate of the optical/electrical converse deuces 
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(30). 



17. A radb signal transmitter for transmittinfl both of a radio signal being in a f .rst ^^j 3 ^^ 

imnsmissTon power limitation (hereinafter referred to as a fret radio signal) and a rad«> srgnal bong n a second 
« fr^cy banddLrent from the first frequency band and subjected to transm.ss.on power hm.tat.on (here.nafter 
referred to as a second radio signal), comprising 

part (1 1 ) amplifying said first radio signal with an amplHication factor related to the power 
tSSSSS^ part (1 2) arr^ng said second radio signal with an ampfifcalion factor refated to the 

« is a radio sional transmitter tor transmitting both of a radio signal being in a first frequency band and not subjectedto 
SS^^onXSr referred to as a fret radio signaO and a r*dto «9^b ? g « a sec«ri 
S^3different from the first frequency band and subjected to transmission power Hmrtaton (hereinafter 
referred to as a second radio signal), wherein 
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a sending end and a receiving end are connected to each other by an optical fiber (22), said radio signal trans- 
mitter comprising 
at the sending end: 

a first anptification part (61) amplifying said first radio signal with an amplification factor related to the power 
of the f irst radio signal; 

a second amplification part (62) amplifying said second radio signal with an amplification factor related to the 
power of the second radio signal; 

a first electrical/optical conversion part (63) performing electrical/optical conversion of amplified said first radio 
signal; 

a second electrical/optical conversion part (64) performing electrical/optical conversion ol amplified said sec- 
ond radio signal; and 

a wavelength cfivision multiplexing part (65) wavelength-dMsion-multiplexing a first optical signal obtained by 
conversion through said first electrical/optical conversion part (63) and a second optical signal obtained by con- 
version through said second electrical/optical conversion part (64), and comprising 
at the receiving end: 

a wavelength cfivision demultiplexing part (66) wavelength-separating an output optical signal of said wave- 
length division multiplexing part (65) into said first optical signal and said second optical signal; 
a first optical/electrical conversion part (67) performing optical/electrical conversion of said first optical signal; 
and 

a second optical/electrical conversion part (68) performing optical/electrical conversion of said second optical 
signal. 
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